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PREFACE 

The  following  pages  form  the  concluding  portion  of  four  lectures 
delivered  by  me  in  the  University  of  Cambridge  as  Sandars  Reader 
in  BibUography,  192 1. 

As  the  two  pairs  of  lectures  appeal  to  widely  different  classes 
of  the  community,  I  have  decided  to  print  them  separately,  though 
the  underlying  theme  is  the  same,  viz.  the  need  for  uniformity  in 
book  classification  as  a  preliminary  to  co-operative  action  in 
library  administration  and  bibliography. 

Book  classification  is  shelf  classification,  and  shelf  classifica- 
tion carried  to  its  furthest  hmits  leads  necessarily  to  uniformity 
in  the  extension  and  definition  of  its  classes.  Add  to  this  a  chrono- 
logical order  of  books  in  their  classes  and  your  scheme  of 
classification  acquires  a  new  value ;  for  it  presents  for  each  period 
a  bibliographical  counterpart  of  the  corresponding  growth  of  the 
activities  of  the  human  mind. 

My  fiirst  two  lectures  dealt  with  this  thesis  in  its  practical 
application  to  library  work  and  the  compilation  of  subject 
bibliographies.  Here  statistical  bibliography  is  considered  in 
relation  to  the  growth  of  modern  civilization. 

Strictly  speaking,  the  province  of  statistical  bibliography  ends 
with  the  presentation  of  the  figures  compiled.  Their  final  inter- 
pretation should  be  left  to  those  possessing  the  necessary  qualifi- 
cations. I  am,  therefore,  conscious  that  in  attempting  to  furnish 
some  explanation  of  the  interrelations  of  the  various  factors  which 
are  associated  with  the  growth  of  modern  civilization,  I  have 
outstripped  the  limits  of  bibliographical  propriety.  On  this  count 
I  offer  no  defence. 

My  "  Tabular  Surveys  of  the  divisions  in  the  literature  of 
Architecture  and  the  Textile  Industries  "  are  submitted  as  a  rough 
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illustration  of  a  new  method  in  bibliography,  and  not  as  a  sample 
of  finished  work.  To  complete  them  would  have  necessitated  a  pro- 
longed stay  in  London,  which  was  not  practicable.  It  is  to  the 
method  rather  than  to  the  results  shown  that  I  invite  the  attention 
of  my  critics. 

My  thanks  are  due  to  Dr.  Forster  Morley,  Editor  of  The 
International  Catalogue  of  Scientific  Literature,  for  his  courtesy 
in  giving  me  access  to  certain  unpublished  data  relating  to  this 
publication,  and  for  his  patience  in  replying  to  my  inquiries.  The 
statistics  of  The  International  Catalogue  have  been  compiled  for 
me  by  Miss  Dora  Miller,  late  Chief  Assistant  to  Dr.  Morley.  My 
original  Chart  of  English  Patents  and  Population  I  found  to  be 
inaccurate  in  respect  of  the  vertical  lines  representing  the  patent 
output  for  the  years  1912  and  1913.  The  Chart  has  been  divided, 
and  is  here  replaced  by  two  charts  which  present  the  information 
in  a  more  workmanlike  manner.  For  the  data  in  these  charts  I 
am  responsible,  but  for  their  graphic  presentation  I  am  indebted 
to  the  skill  of  Mr.  W.  E.  Whitehouse,  Lecturer  in  Mathematical 
Geography  in  the  University  College  of  Wales,  Aberystwyth,  who 
has  given  me  much  valuable  assistance  and  advice.  My  thanks 
are  also  due  to  my  late  colleagues  in  the  Patent  Office  for  their 
cheerful  acceptance  of  the  many  burdens  I  have  laid  upon  them. 

E.  W.  H. 

Aberystwyth, 
February,  1923. 


LECTURE  I 

O  vaine  world's  glorie,  and  unsteadfast  state 
Of  all  that  lives,  on  face  of  sinfull  earth. 

Spenser,  The  Ruines  of  Time. 

The  literature  of  Civilization  does  not  make  cheerful  reading. 
Buckle,  who  is  by  no  means  a  "  laudator  temporis  acti,"  admits 
that  "  our  age,  great  as  it  is,  .  .  .  in  nearly  all  respects  greater  than 
the  world  has  ever  seen  .  .  .  has  ...  a  certain  material,  unimagin- 
ative and  unheroic  character  which  has  made  several  observers 
tremble  for  the  future."  Edward  Carpenter  frankly  treats  civiliza- 
tion as  a  pathological  phase  "  through  which  no  race  of  mankind 
has  ever  emerged  to  its  normal  and  healthy  condition."  The  modern 
attitude  is  generally  agnostic.  "  No  estimate  of  our  own  age," 
says  Prof.  Gilbert  Murray,  "  is  possible.  We  are  unable  to  judge 
whether  we  are  as  a  community  moving  toward  health  or  away  from 
it.  We  cannot  even  say  very  clearly  what  health  is."  With  the 
philosophical  and  ethical  criteria  of  civilization,  however,  I  am  not 
concerned.  My  thesis  is  to  ascertain  and  illustrate  by  bibhographical 
data  various  stages  in  the  development  of  the  mechanics  of  civihza- 
tion.  Hence  while  philosophers  treat  civilization  as  an  end-product 
I  deal  with  it  as  an  organic  growth  so  far  as  this  growth  can  be 
correlated  with  the  recorded  intellectual  activities  of  the  several 
periods.  Before,  however,  proceeding  to  my  task  it  is  necessary  to 
glance  briefly  at  the  literature  of  civilization  and  to  consider  the 
attitude  of  its  writers,  with  the  view  of  extracting  therefrom 
such  conclusions  as  may  appear  to  be  supported  by  a  consensus 
of  opinion. 

To  some  extent  the  current  agnostic  attitude  can  be  accounted 
for  by  the  unsettled  state  of  biological  science.  Obviously,  so  long 
as  the  doctrine  of  the  inheritance  of  acquired  characteristics  remains 
an  open  question,  no  long  views  are  admissible  as  regards  the  future 

7 


8  Statistical  Bibliography  in  Relation  to 

of  society.  But  other  factors  in  the  complex  of  civilization  have 
been  studied  with  more  success.  The  laws  of  the  Universe  are 
fixed  and  immutable. 

The  stupid  earth  on  which  I  stand 
Suffers  no  change,  but  passive  adds 
Its  myriad  years  to  m5miads. 

Browning. 

Man  also,  regarded  both  from  his  physical  structure  and  mental 
capacity,  represents  a  type  of  organism  in  its  approximately  final  stage 
of  evolution.  In  neither  respect  has  he  visibly  advanced  or  receded 
from  the  standard  to  which  he  is  found  to  conform  in  palaeolithic 
times.  Further,  most  anthropologists  are  agreed  that  in  the  races 
of  man  existing  to-day  there  is  a  fairly  even  distribution  of  ability. 
"  The  chief  factors  which  separate  the  Bushman  from  the  European  " 
— I  am  quoting  here  from  Prof.  Conn's  Social  Heredity  and  Evolution 
— "  are  not  in  his  innate  but  in  his  acquired  characteristics.  We  do 
not  mean  by  this  that  there  are  no  innate  differences  between  the 
Bushman  and  the  European.  The  differences  in  the  inherited 
mental  powers  of  the  two  are  perhaps  great :  but  the  chief  differ- 
ences between  them  in  adult  life  are  in  the  mental  powers  which  each 
has  inherited.  Civilization  is  thus  a  heritage  handed  down  from 
father  to  son.  .  .  .  Organic  heredity  has  produced  the  human 
animal,  but  social  heredity  has  produced  the  modern  social  man." 
This  doctrine.  Prof.  Bury  points  out,  is  as  old  as  Helvetius  (1758), 
but  the  fact  was  noted  by  Descartes  a  century  earlier  (1637).  The 
doctrine  is  summed  up  in  the  sentence  that  "  The  social  inheri- 
tance of  ideas  and  emotions  to  which  the  individual  is  submitted 
in  infancy  is  of  more  importance  than  the  tendencies  physically 
transmitted  from  parent  to  child." 

Thus  man  and  his  natural  environment  may  be  regarded  as 
static  elements — in  the  sense  that  while  both  are  capable  of  being 
moulded  within  certain  narrow  limits  under  the  operation  of 
appropriate  forces — upon  the  removal  of  these   forces   both  tend 
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to  revert  to  their  original  state  and  type.*  The  dynamic  factor  is 
to  be  found  in  the  unresting  mind  of  man. 

Applying  this  analysis  to  the  conditions  of  modem  civilization 
we  conclude  that  its  fabric  is  essentially  artificial — resting  upon  a 
combination  of  the  forces  of  Bibliography,  i.e.  the  science  of  the  organi- 
zation of  recorded  knowledge,  Education,  and  Research.  These  three 
factors  are  obviously  the  products  of  the  mind.  Under  their  joint 
influence  the  present  level  of  civilization  has  been  reached,  is  main- 
tained and  may  be  extended.  Upon  the  withdrawal  of  any  one  of 
them,  the  whole  fabric  reverts  to  a  lower  level.  On  the  other  hand 
the  continuity  of  civilization  is  assured,  humanly  speaking,  by  its 
steadily  increasing  international  character.  By  a  rapid  extension  of 
its  boundaries  it  has  brought  within  its  influence  the  older  civiliza- 
tions of  the  East,  and  these  in  turn  are  now  contributory  forces  in 
the  acceleration  of  the  growth  of  knowledge  in  all  departments  of 
human  hfe.  It  is  to  this  stage  of  rapid  transition  that  I  propose 
to  apply  the  tests  of  bibliographical  statistics. 

That  bibliographical  materials  are  well  adapted  for  the  object 
in  view  has  not,  I  think,  been  sufficiently  recognized.  If  literature 
furnishes  us  with  the  best  mirror  of  the  human  mind,  then  the  changes 
in  the  intellectual  attitude  of  mankind  at  different  periods  are  best 
studied  in  its  literary  counterpart.  Further,  whereas  the  data  of 
the  statistician  are  known  to  be  progressively  defective,  as  his  survey 
extends  from  the  beginning  of  the  nineteenth  century  backwards, 
the  records  of  human  knowledge  have  on  the  whole  been  satisfac- 
torily preserved  from  a  much  more  remote  period. 

To  these  data  the  customary  statistical  methods  are  applicable  : 
i.e.  the  materials  can  be  arranged  in  classes  and  sub-classes — their 
contents  counted  and  the  results  tabulated  or  plotted  in  curves 
showing  the  growth  of  the  classes  for  different  periods.     This,  how- 

*  It  is  true  that  slow  secular  changes  are  taking  place  both  in  man  and  nature, 
but  of  the  direction  and  nature  of  these  changes  we  know  little.  They  may  safely 
be  disregarded  in  a  brief  survey  such  as  this. 
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ever,  is  a  slow  and  laborious  procedure.  A  much  simpler  method, 
and  one  not  devoid  of  a  philosophic  basis,  is  to  tabulate  the  progres- 
sive specialization  of  literature  in  classes.  As  the  data  of  a  science 
increase  in  number,  bulk  tends  to  outgrow  the  limits  of  the  powers 
of  attention  and  specialization  results  as  a  means  of  adjusting  the 
surface  under  examination  to  the  intellectual  compass.  With  either 
method,  however,  the  results  obtained  must  be  employed  with 
certain  reservations,  the  value  of  which  will  be  found  to  vary  con- 
siderably at  different  epochs. 

When  we  speak  of  literature  constituting  the  best  reflection  of 
the  human  mind  it  must  be  admitted  that  the  metaphor  requires 
some  qualification.  In  the  literary  spectrum  it  is  true  we  find 
here  and  there  lines  from  the  presence  of  which  trustworthy  con- 
clusions may  be  drawn.  But  the  converse  does  not  hold  true. 
From  the  absence  of  a  literary  class  no  valid  conclusion  can  be 
drawn  as  to  the  state  of  knowledge  in  respect  of  that  class.  The 
practice  of  an  art  may  have  preceded  its  systematic  exposition  in 
literature — often  by  many  centuries.  The  process  of  the  extension 
of  the  circle  of  literature  is  known  to  have  been  a  slow  and 
gradual  one.  Technology  was  one  of  the  last  of  its  candidates  for 
admission. 

Again,  a  book  classification  is  not  a  classification  of  knowledge  : 
its  units  do  not  always  coincide  with  those  of  subject-matter.  The 
latter  may  be  adequately  represented  in  published  works  and  yet 
find  no  counterpart  in  the  book  classification.  Thus  the  appear- 
ance of  the  first  monograph  is  of  itself  of  bibliographical  rather  than 
historical  importance.  When,  however,  the  subject  of  a  monograph 
shows  signs  of  division,  this  is  a  symptom  of  growth.  Hence,  when 
we  say  that  a  literary  class  is  growing — the  number-test  is  inferior 
in  value  to  that  of  its  specialization.  A  thousand  textbooks  on 
the  Einstein  Theory  attest  the  width  of  the  popular  appeal,  but 
when  its  literature  splits  into  the  countless  aspects  of  its  philosophical 
and  experimental  standpoints,  we  know  that  philosophy  and  science 
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are  readjusting  their  attitude  towards  the  new  doctrine  and  that 
the  Einstein  theory  is  taking  a  permanent  place  in  the  stock  of 
recorded  knowledge. 

As  these  applications  of  the  bibliographical  method  have  not 
yet  been  submitted  to  professional  criticism,  it  will  be  safer  to  apply 
them  retrospectively  in  the  first  instance,  as  their  value  can  then 
be  checked  by  comparing  the  results  with  those  already  established. 
Obviously,  as  statistics  are  only  a  generalized  form  of  information, 
little  in  the  way  of  novelty  can  be  expected  from  their  application 
to  the  phenomena  of  the  past.  I  must  be  content  if  my  survey, 
by  establishing  a  new  view-point  of  ascertained  data,  confirms 
generally  the  conclusions  of  existing  authorities,  while  adding 
something  of  precision  to  certainty. 

With  my  first  List  (p.  23)  many  of  you  will  be  already  familiar, 
for  it  is  but  a  formal  rearrangement  of  Dr.  and  Mrs.  Charles  Singer's 
Handlist  of  Scientific  MSS.  preserved  in  the  British  Isles  to  the  year 
1500,  which  appears  in  the  Transactions  of  the  Bibliographical 
Society  for  1917-19.  Mrs.  Singer  has  kindly  not  only  assisted  me 
in  the  allocation  of  some  of  the  less  familiar  headings,  but  has  per- 
sonally conducted  me  through  certain  technological  classes.  This 
process,  while  it  has  excited  my  curiosity  in  several  directions,  does 
not,  I  need  hardly  say,  qualify  me  to  offer  any  new  observations 
in  a  field  of  literature  with  which  I  possess  only  a  slender  and  indirect 
acquaintance. 

The  List  in  its  new  order  is  intended  to  offer  you  a  bird's-eye 
view  of  the  book  learning  of  the  Middle  Ages — the  relative  strength 
of  the  classes  and  the  limitations  of  its  scope.  The  preponderance 
of  the  medical  and  quasi-medical  classes  at  once  claims  attention. 
From  the  statistics  given  by  Mrs.  Singer  in  a  paper  read  before  the 
Historical  Section  of  the  Royal  Society  of  Medicine  it  will  be  seen 
that  the  proportional  strength  of  the  medical  categories  is  in  fact 
represented  by  a  corresponding  bulk  of  material — over  half  the  items 
inventoried  being  of  a  medical  character.  Thus  while  the  Healing 
Art  claims  one  half  of  the  entire  List,  The  Arts  of  War,  Architecture 
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and  the  Decorative  Arts  of  the  Middle  Ages  are  not  present  in  suffi- 
cient strength  to  require  separate  representation.  Such  information 
as  exists  on  these  topics  is  to  be  found  in  the  form  of  notes,  receipts, 
Usts,  sketches,  illuminated  drawings,  etc.  There  is  hardly  a  trace 
of  any  systematic  treatises  outside  the  classical  writers,  on  any  of 
these  subjects.  The  List,  of  course,  must  be  considered  in  the  light 
of  its  local  limitation.  A  Union  List  of  the  Scientific  MSS.  preserved 
in  the  libraries  of  Europe  would  no  doubt  involve  some  extension 
of  the  classification.  German  libraries,  for  instance,  are  said  to 
possess  a  long  series  of  pyrotechnical  treatises  of  the  fifteenth 
century,  apparently  not  represented  in  this  country.  Still  it  is 
unlikely  that  any  extension  would  materially  affect  our  general 
conclusions.  Aristotle  would  remain  **  the  supreme  authority  in 
the  interpretation  of  the  laws  of  reason  and  of  nature  " — Greek 
Mathematics,  Astronomy  and  Medicine  would  stand  out  like  moun- 
tain peaks  above  the  sea  of  Germanic  mysticism.  It  is  admitted 
that  little  real  progress  in  these  sciences  was  made,  or  intended  in 
the  Middle  Ages ;  for  the  aim  of  the  mediaevalist  was  to  recover 
what  was  lost  rather  than  to  build  anew  upon  the  foundations  of  a 
past  civilization.  The  works  of  the  ancients  were,  as  Lord  Bacon 
said,  looked  up  to  by  him  as  to  the  Pillars  of  Hercules  "  beyond 
which  there  shall  be  no  sailing  or  discovery  in  Science."  Hence,  if 
we  were  to  accept  mediaeval  literature  as  a  gauge  of  the  intellectual 
activities  or  capacity  of  the  period  the  verdict  would  be  unfavour- 
able. We  should  be  compelled  to  conclude  that  the  genius  of  the 
period  was  intellectually  inferior  to  that  of  the  civilization  which  it 
had  displaced,  that  it  was  timid  in  its  outlook  and  incapable  of  rising 
to  the  heights  of  Greek  thought.  But  that  is  a  bookman's  view.  If 
we  turn  to  the  practical  achievements  of  the  Middle  Ages  it  becomes 
evident  that  this  verdict  stands  in  need  of  qualification.  Here  the 
mediaeval  artist  appears  as  a  bold  and  daring  innovator,  adapting 
without  effort  foreign  ideas  to  his  own  purposes.  As  a  constructor  in 
wood  and  stone  he  remains  unsurpassed — his  instinctive  knowledge 
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of  the  properties  of  materials  enabling  him  to  solve  the  problems  with 
which  the  continuous  change  in  style  presented  him.  In  the  decor- 
ative arts  he  made  notable  progress.*  The  element  of  mysticism  is 
here  a  source  of  strength  rather  than  of  weakness.  As  Prof.  Bury 
has  well  said,  "  In  the  Middle  Ages  .  .  .  the  idea  of  a  life  beyond 
the  grave  was  in  control  .  .  .  the  great  things  of  this  life  were  con- 
ducted with  reference  to  the  next."  But  faith  alone  would  not  have 
made  the  Germanic  artist.  In  all  directions,  except  in  that  of  pure 
reasoning,  we  have  evidence  of  a  strong  and  self-reliant  race,  possessing 
a  high  imaginative  and  practical  intelligence.  Its  powers  of  assimil- 
ation were  remarkable.  From  a  stray  hint  as  to  the  properties  of 
saltpetre  it  developed  the  new  art  of  fire  artillery ;  from  Roman 
window  glass  it  passed  to  stained  and  painted  glass — from  casting 
bronze  to  iron  founding,  from  a  train  of  wheelwork  to  the  science  of 
horology.  The  list  might  be  considerably  extended — the  introduction 
of  the  windmill,  the  mariner's  compass,  and  the  invention  of  printing 
alone  would  justify  a  revision  of  the  verdict. t  A  foreigner  once 
said  to  me  on  returning  from  a  trip  through  the  Potteries,  "  It 
is  a  marvel  to  me  that  your  people  who  know  so  little  produce  so 
well."  That  is  the  mystery  of  the  Middle  Ages — the  greatness  of 
its  practical  achievement  compared  with  its  slender  stock  of  organized 
knowledge.  This  is  a  point  upon  which  I  shall  have  to  insist  in 
dealing  with  subsequent  periods. 

I  will  now  ask  you  to  turn  to  the  "  Tabular  Surveys  of  the 
Divisions  of  Literature  in  Architecture  and  the  Textile  Industries  " 
(pp.  24-7).  They  were  originally  intended  to  cover  the  three  primary 
requisites  of  life,  viz..  Food,  Shelter  and  Clothing ;    but  for  want 

*  Some  idea  of  the  progress  made  during  the  Middle  Ages  in  technical  art 
processes  can  be  obtained  by  a  comparison  of  the  Eighth  Century  Codex  Lucensis, 
490,  recently  edited  by  Prof.  J.  M.  Bumam,  of  the  University  of  Cincinnati,  with  the 
well-known  Treatise  of  Theophilus. 

t  The  distinction  between  the  inventor  and  introducer  of  a  new  process  is  a 
modem  one.  According  to  a  ruling  case,  Edgebury  v.  Stephens,  the  source  of  an 
invention  is  not  material,  "  whether  learned  by  study  or  travel,  it  is  the  same  thing." 
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of  leisure  I   have  had  to  omit  Agriculture.     My   object   in   pre- 
senting you  with  this   List   is   to   show   you  the   order   in  which 
technological  literature  has  evolved,  and  the  curious  time-lag  between 
current  practice  and  corresponding  literature  of  the  arts.     The  order 
of  the  appearance  of  this  literature  is  not  the  order  of  utility,  for 
the  literature  of  technology  begins  with  Song,  or  as  we  should  call 
it  to-day — Didactic  Poetry.     This  poetry  is  classical  in  form  and 
origin.     It  enjoyed  a  long  literary  vogue  from  the  dawn  of  classical 
times  to  the  end  of  the  eighteenth  century,  and  it  covers  a  wide 
range  of  subjects  from  husbandry  to  the  art   of  making  tea.     In 
spite  of  its  artificial  character  and  setting,  didactic  poetry  is  by  no 
means  a  negligible  factor  in  historical  research.     The  Poet  is  tem- 
peramentally a  quick  and  accurate  observer — he  has  given  us  glimpses 
of  the  working  of  the  paper  mill,  the  iron  furnace  and  the  weaving 
shed,  for  which  we  are  grateful.      In  the  Greek  Anthology  there 
is  a  fragment  on  glass-making,  and  in  Mrs.  Singer's  List  I  have 
noted  a  poem  on  the  Art  of  Masonry.     After  the  Poet  came  the 
Artist  with  his  sketch  book.     Collections  of  mechanical  drawings  are 
to  be  found  in  the  fifteenth  century.     These  sketch  books  become 
the  recognized  medium  of  professional  advertisement  in  the  latter 
half  of  the  following  century.     Pattern  books  for  lace  and  embroidery 
are  to  be  found  early  in  the  sixteenth  century.     In  this  century  we 
also  find  works  consisting  of  pictorial  representations  of  the  world 
in  its  workshops.     This  class,  which  is  represented  by  Amman  and 
Strada  in  the  sixteenth  century,  develops  considerably  in  the  seven- 
teenth century,  but  dwindles  into  chapbook  form  in  the  "  Book  of 
Trades ' '  issued  in  the  early  nineteenth  century.     Close  upon  the  heels 
of  the  Artist  came  the  Classical  Archaeologist,  whose  works  of  course 
were  addressed  to  the  learned,  and  to  the  scholar  succeeded  the  Clerk 
who  used  technology  as  a  means  of  instilling  his  spiritual  or  moral 
lessons.     With  the  exception,  however,  of  the  mechanical  sketch 
books,  no  one  of  these  classes  of  books  ever  penetrated  into  the 
workshop  or  influenced  its  traditional  practice. 
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It  is  easy  to  account  for  the  late  growth  of  Technology.  It  was 
not  called  for.  The  self-governing  industries  were  organized  on  a 
basis  of  maintaining  a  traditional  standard  of  quality.  Increased 
output  would  have  introduced  outside  competition,  lowered  prices 
and  imdermined  the  authority  of  the  Guilds.  Hence  technological 
literature  begins  as  a  rule  with  industries  of  foreign  extraction,  such 
as  mining,  assaying,  dyeing  and  so  forth ;  or  with  husbandry  or 
domestic  economy  which  lay  outside  the  Guilds'  jurisdiction. 

In  my  Tabular  Surveys  (pp.  24-7)  didactic  poetry  is  represented  by 
Dyer's  Fleece,  which  describes  a  spinning  invention  of  Lewis  Paul  a  year 
before  it  was  patented.  The  Artists'  pattern  books  are  represented 
under  Lace,  Embroidery,  Glazing,  Stoves  and  Furniture.  The  Parson 
has  his  moral  treatises  on  Millinery  and  Weaving — the  Classical 
Archaeologist  is  represented  under  Amphitheatres,  Villas  of  the 
Ancients,  Hats,  Boots  and  Shoes,  and  the  imported  industries  by 
Glass-making,  Silk  culture.  Dyeing,  Assaying,  and  by  an  early  Spanish 
work  by  Alcega  on  Geometry  applied  to  the  art  of  cutting-out. 
Some  signs  of  growth  in  both  lists  are  visible  in  the  eighteenth 
century,  especially  in  the  latter  half ;  but  a  large  proportion  of  the 
works  tabled  here  are  issued  by  Societies — the  bulk  being  mono- 
graphs in  the  French  Academy's  Description  des  Arts  et  Metiers. 
There  are  a  few  puffs  by  patentees,  and  four  price-lists  under  Build- 
ing, Carpentry,  Silk  Manufacture  and  Weaving — but  there  is  in  the 
Textile  Industries  little  indication  of  spontaneous  growth.  In  the 
mechanical  technology  of  spinning  and  weaving  the  inventor  led 
the  way.  Literature  followed  at  the  respectful  distance  of  some 
twenty-five  years.  As  Mr.  Balfour  said  in  1919  "  the  great  industrial 
movement  in  which  Great  Britain  led  the  way  towards  the  end  of 
the  eighteenth  century,  was  not  in  the  main  due  to  anything  which 
pure  science  contributed  to  industry."  This  dictum  can  be  accepted 
without  qualification  so  far  as  the  mechanical  technology  of  the 
textile  industries  is  concerned.  On  the  chemical  side — especially  in 
bleaching — science  and  industry  were  in  closer  contact,  while  as 
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regards  the  steam  engine  the  invention  of  the  atmospheric  engine 
can,  as  I  have  attempted  to  show  in  a  previous  lecture,  be  traced 
to  two  scientific  sources,  viz.,  the  Spiritalia  of  Hero  and  Galileo's 
air  thermometer — the  one  employing  steam  to  produce  rotary  motion 
— the  other  air  as  a  medium  of  expansion  and  contraction. 

Turning  to  my  Architectural  List  (pp.  24-5)  it  will  be  seen  that 
throughout  the  sixteenth  century  Vitruvius  and  the  Orders  monopolize 
the  literature  of  Architecture.  The  recovery  of  Vitruvius  is  said 
to  have  sounded  the  death  knell  of  national  style  in  architecture — 
but  when  the  influence  of  Vitruvius  began  to  be  felt  in  this  country 
the  Gothic  style  in  architecture  was  already  dead.  The  property 
of  the  Church  had  passed  into  the  hands  of  the  middle  classes  and 
the  Tudor  style  predominated  in  domestic  architecture.  There  is 
some  evidence  on  the  bibliographical  side  that  the  influence  of  the 
new  classical  style  effected  a  reorganization  in  the  social  history  of 
architecture  and  building  construction.  The  architect,  emancipated 
from  ecclesiastical  tradition  and  supervision,  had  to  face  new  prob- 
lems, collect  and  train  his  own  workmen,  and  to  prepare  scale  draw- 
ings for  every  detail.  The  humble  mason  could  no  longer  be  trusted 
to  exercise  his  fancy  in  the  new  columnar  style  of  architecture. 
Hence  the  status  of  the  workman  fell  as  the  personality  of  the  archi- 
tect came  into  the  foreground.  Treatises  on  perspective  and  archi- 
tectural drawing  began  to  appear — the  latter  is  represented  in  the 
List  next  to  the  Orders.  Also,  from  the  middle  of  the  sixteenth 
century  we  find  an  extraordinary  development  in  the  literature  of 
the  philosophical  instrument  maker.  Hardly  a  year  passes  without 
the  appearance  of  some  Italian,  French  or  German  trade  pamphlet 
advertising  a  new  measuring  instrument.*  The  philosophical  in- 
strument maker  did  not,  of  course,  rely  solely  upon  the  architectural 
profession  for  his  support.  His  principal  output  was  in  surveying 
instruments  for  fortification  and  other  purposes,  but  his  stock-in- 

*  A  brief  synopsis  of  the  literature  of  surveying  instruments  will  be  found  in 
the  Trans,  of  the  Newcomen  Society,  Vol.  I,  p.  15. 
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trade  included  the  outfit  of  the  architectural  draftsman — compasses, 
protractors,  squares  and  so  forth.  The  bibliographical  activity  in 
this  numerically  insignificant  trade  may  be  profitably  compared  with 
the  time-lag  in  such  industries  as  dyeing  or  glass  staining.  There 
is,  I  believe,  no  separately  published  monograph  on  dyeing  between 
the  Plictho  del  arte  de  Tentori  by  Rosetti  in  1548  and  the  anony- 
mous Whole  Art  of  Dying  in  1705,*  while  for  glass  staining,  the  first 
monograph  is  that  of  Le  Vieil  in  1774,  which  forms  part  of  the 
Description  des  Arts  et Metiers.  At  this  date  the  art  of  glass  painting 
was  practically  extinct.  Le  Vieil  boasts  of  the  number  of  churches 
in  Paris  and  its  vicinity  in  which  he  had  replaced  the  old  glass  with 
plain  glazing.  The  literature  of  both  these  arts  must  be  sought 
in  books  of  receipts.  The  conclusions  to  be  drawn  from  the  above 
Survey  are  that  in  the  case  of  the  Textile  Industries  technological 
literature  was  not  a  ha'porth  of  use  to  anyone — except  perhaps 
on  the  chemical  side — and  that  in  the  case  of  Architecture  it  was 
by  no  means  an  immixed  blessing. 

I  am  now  going  to  take  you  to  a  different  class  of  statistics, 
viz.  the  statistics  of  patented  inventions — for  it  is  clear  that  our 
argument  points  this  way.  We  are  looking  for  evidence  of  the 
dominant  factor  in  the  mechanics  of  civilization.  When  this  is 
found,  the  integration  of  other  factors  in  the  civilization  of  the 
period  is  a  comparatively  simple  matter,  for  all  these  factors  will 
turn  in  the  direction  of  the  force  dominating  the  whole. 

It  is  a  well  ascertained  fact  that  what  is  known  as  the  Industrial 
Revolution  proceeded  in  the  first  place  from  this  country,  and  that 
the  movement  had  its  birth  in  the  latter  half  of  the  eighteenth 
century.  Hence  the  statistics  of  English  patent  law  ought  to  reveal 
with  accuracy  the  period  at  which  the  new  movement  originated 
and  the  circumstances  under  which  it  was  brought  into  being. 

*  The  monograph  by  Sir  Wm.  Petty  in  1662  entitled  "  An  Apparatus  to  the 
History  of  the  Common  Practices  in  Dyeing,"  included  in  Sprat's  History  of  the 
Royal  Society,  was  not  published  separately. 

C 
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A  patent  is,  of  course,  an  administrative  act,  but  the  patent 
specification  is  an  original  bibliographical  document  which  lends 
itself  readily  to  statistical  treatment.  It  can  boast  a  continuity  of 
well  authenticated  data  for  which  there  is  no  parallel  in  statistical 
literature.  By  correlating  patent  statistics  with  other  data  such 
as  the  growth  of  scientific  literature,  industry,  commerce  or  popula- 
tion, we  obtain  some  idea  of  the  interrelations  of  these  factors  at 
different  periods  and  of  the  changes  in  society  with  which  they  are 
associated. 

I  do  not  propose  to  dwell  at  any  length  on  the  history  of  patent 
law,  but  it  may  interest  some  of  you  to  know  that  the  first  recorded 
industrial  monopoly  patent  is  indirectly  connected  with  your  Univer- 
sity, for  in  1449  Henry  VI  granted  a  patent  to  John  of  Utynam,  a 
native  of  Flanders,  to  glaze  the  King's  Chapels  at  Eton  and  Cam- 
bridge many  years  before  the  foundation  stone  of  King's  was  laid. 
The  next  traces  of  the  monopoly  system  are  to  be  found  in  the 
records  of  the  Venetian  Republic  early  in  the  following  century — 
still  associated  with  the  art  of  glass  making.  Finally  the  system 
took  root  in  England  in  1561,  and  from  this  date  we  possess  an  almost 
unbroken  record  of  grants  up  to  the  present  day.  The  consideration 
which  underlay  the  Elizabethan  Monopoly  system  was  primarily 
military.  The  advisers  of  the  Crown  foresaw  that  sooner  or  later 
this  country  would  have  to  measure  its  strength  with  the  Catholic 
Powers  of  the  Continent  and  that  industrially  it  was  not  in  a  position 
to  meet  the  strain.  The  policy  of  the  Monopolies,  therefore,  was 
to  make  the  kingdom  independent  of  foreign  supplies  by  attracting 
to  its  shores  skilled  artisans  from  the  Continent.  In  this  it  was 
successful.  The  reign  of  Elizabeth  marks  an  epoch  in  our  industrial 
history.  The  continental  level  of  competence  in  industry  was 
reached  and  then  passed.  In  spite  of  popular  hostility  the  system 
was  maintained  until  it  received  a  grudging  recognition  in  the  Statute 
of  Monopolies.  During  the  Commonwealth  period  the  system  was  in 
partial  abeyance ;  but  it  was  revived  at  the  Restoration  under  con- 
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ditions  which  deserve,  but  which  have  not  received,  the  careful 
consideration  of  the  historian. 

I  will  now  allow  the  Charts  *  to  speak  for  themselves.  The 
vertical  blocks  in  Chart  i  represent  the  annual  number  of  English 
patents  granted  from  a.d.  1550-1821.  The  scale  is  then  reduced  to 
1/75,  and  the  annual  record  is  completed  on  the  reduced  scale  from 
1800  to  date.  At  the  foot  of  Chart  2  the  numbers  have  been  summed 
up  in  lo-year  groups,  and  the  full-line  graph  shows  these  groups  for 
the  whole  period.  The  dotted  line  above  the  patents  graph 
represents  the  growth  of  population  in  England  and  Wales.  A 
broken  line  gives  the  population  of  Great  Britain  for  1851-1921 — 
the  English  and  Scottish  patent  systems  having  been  amalgamated 
from  1852  onward. 

A  close  examination  of  the  statistics  from  1600  onwards 
(Chart  i;  reveals  a  series  of  minute  impulses  or  spurts  in  the 
figures  at  varying  intervals.  The  most  notable  of  these  is  in  the 
jump  in  the  figures  for  1691-3.  This  is  the  result  of  the  successful 
salvage  expedition  of  Phipps  undertaken  under  the  patronage  of 
the  second  Duke  of  Albemarle — at  one  time  Chancellor  of  this  Univer- 
sity. The  expedition  is  said  to  have  brought  home  some  ;f300,ooo 
in  bullion.  Your  Chancellor  was  also  a  patentee  for  a  sugar  crush- 
ing mill  destined  for  the  colony  of  which  he  had  been  appointed 
Governor — so  Cambridge  may  claim — or  disclaim  as  it  thinks  fit — 
the  triple  honour  of  being  associated  with  (i)  the  first  patent  of 
monopoly,  (2),  the  stocking  frame  of  William  Lee — reckoned  to  be  the 
most  original  invention  of  all  countries  and  ages  and  (3) — ^with  the  first 
patent  boom,  resulting  from  a  successful  speculation  on  the  part  of 
its  Chancellor.  Leaving,  however,  these  movements  out  of  account, 
it  is  clear  that  the  patent  system  showed  little  sign  of  development 
for  the  first  200  years  of  its  existence.  The  growth  between  1660 
and  1700  is  not  maintained  in  the  period  from  1700-1740.  The 
turning  point  obviously  is  reached  in  the  year  1766 — three  years 

*At  end  of  work. 
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before  the  epoch-making  inventions  of  Watt  and  Arkwright.  The 
explanation  of  the  long-continued  absence  of  vitality  and  the  subse- 
quent rapid  expansion  of  the  patent  system  is,  I  suggest,  to  be 
found  in  the  history  of  the  colonial  trade.  This  first  acted  as  a 
counter-attraction  to  the  patent  system,  which  it  nearly  starved 
out  of  existence  by  absorbing  all  the  accumulated  capital  of  the 
commercial  classes.  As  trade  expanded  there  was  first  a  movement 
of  industries  towards  the  western  ports.  The  iron  trade  moved 
from  the  South  to  the  West  to  meet  the  demands  of  the  hardware 
manufacturers.  The  development  of  the  colonial  trade  made  rapid 
progress  from  the  beginning  of  the  eighteenth  century ;  but  so  long 
as  the  shippers  were  enabled  to  obtain  a  full  cargo  the  condition 
and  processes  of  the  established  industries  remained  substantially 
unchanged  ;  but  when  in  1760,  by  the  Treaty  of  Paris,  the  whole  of 
the  French  colonial  trade  was  transferred;  to  this  country,  industry  was 
unable  to  meet  the  new  demands  on  traditional  lines.  It  was  necessary 
to  quicken  the  output.  Kay's  Fly  Shuttle,  patented  in  1733,  had  by 
doubling  the  weaver's  output  already  created  an  unprecedented 
demand  for  yarn.  Capital  now  began  to  flow  in  the  direction  of 
the  exploiting  of  industry.  Arkwright  and  Watt  did  not  inaugurate 
the  new  era — their  inventions  came  in  on  a  flowing  tide.  Thus  the 
evidence  of  patent  statistics  places  the  date  of  the  Industrial  Revolu- 
tion at  the  year  1766,  and  from  this  date  we  may,  I  think,  associate 
the  growth  of  population,  the  rise  of  prices,  the  revolution  in  agricul- 
ture with  the  factor  of  invention.  Formerly  the  expansion  of  trade 
was  independent  of  invention.  From  1766  onwards  the  two  are 
directly  linked. 

In  Chart  i  you  will  notice  a  broken  line  giving  the  export  figures 
of  commerce  in  the  eighteenth  century.  Frankly  I  can  make  noth- 
ing of  them.  I  prefer  to  refer  you  to  the  statistics  of  the  Colonial 
trade  given  by  Burke,  who  shows  that  this  trade  increased  twelve- 
fold between  1704  and  1772 — the  colonial  trade  in  the  latter  year 
being  nearly  equal  to  the  whole  export  trade  of  the  country  in  17 14. 
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The  statistics  of  invention  thus  show  that  the  birth  of  the  Indus- 
trial Revolution  can  be  placed  some  four  years  earlier  than  the  date 
usually  assigned  to  it,  viz.  the  year  1770.  If  the  statistics  for  1720-50 
were  further  analysed,  they  would  be  found  to  contain  a  surprising 
number  of  patent  medicines — and  the  rise  of  this  nefarious  trade  can 
be  connected,  if  you  read  the  Bicentenary  Number  of  the  Gloucester 
Journal,  with  the  development  of  the  County  Newspaper  Press. 
Dicey 's  pamphlet  on  "  British  Oil,"  which  I  submitted  to  you  on  a 
former  occasion,  illustrates  this  connection ;  for  Dicey  and  Raikes 
founded  the  Gloucester  Journal  with  a  view,  so  tradition  says,  of  com- 
bining the  distribution  of  papers  and  pills.  The  connection  of  the 
Dicey  family  with  the  newspaper  press,  Mr.  Roland  Austin  tells  us, 
was  maintained  for  170  years — but  the  career  of  Thomas  Dicey,  the 
founder  of  the  family,  begins  with  the  patent  medicine  trade  in  the 
seventeenth  century.  His  partner  Raikes  is,  of  course,  known  as 
the  founder  of  the  Sunday  School  system.  In  the  same  way  the 
growth  of  the  technical  press  at  the  end  of  the  eighteenth  century 
can  be  connected  with  patent  agency.  "  Knowledge,"  said  Dr.  John- 
son, "is  diffused  among  our  people  by  the  newspapers,"  but 
newspapers  and  technical  press  alike  were  brought  into  being,  and 
to  this  day  are  maintained,  by  advertisement.  So  here  we  find 
movements  which  owe  little  or  nothing  to  the  organization  of  know- 
ledge and  education  not  only  creating  conditions  under  which  these 
are  destined  to  play  a  more  important  part — but  directly  contri- 
buting to  their  introduction.  These,  however,  are  side  issues — though 
not  without  some  bibliographical  interest. 

The  charts  of  patent  statistics,  however,  contain  a  deeper  mean- 
ing. Their  uneventful  record  over  so  long  a  period  suggests  that 
the  modern  upward  phase  in  invention  and  its  associated  factors 
must  some  day  reach  a  peak — to  be  succeeded  by  a  decline  in  those 
forces  and  by  the  introduction  of  a  new  phase  in  civilization.  It 
is  to  this  point  I  propose  to  devote  the  following  lecture — using  the 
same  methods  of  statistical  bibliography — but  applying  them  to 
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contemporary  movements  in  modern  life.  In  the  present  lecture 
we  have  noted  this  element  of  continuity  in  the  progress  of  civiliz- 
ation from  mediaeval  times,  viz.  that  the  genius  of  the  race  manifests 
itself  in  an  initiative  proceeding  from  its  unlettered  classes.  In 
the  following  lecture,  however,  I  shall  waive  this  distinction  and 
treat  of  science  and  invention  as  constituting  one  body.  The 
dividing  line  between  the  two  still  exists — ^but  it  is  blurred — • 
and  it  becomes  difficult  to  disentangle  the  two  elements.  The 
figures  which  I  shall  submit  to  you  will  suggest  some  rather  startling 
conclusions.  My  province,  however,  as  a  bibliographer  begins  and 
ends  with  the  presentation  of  the  statistics.  The  final  conclusions 
to  be  drawn  from  them  must  be  left  to  your  consideration. 
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CLASSIFICATION  OF  SCIENTIFIC  MANUSCRIPTS  IN  THE  BRITISH 

ISLES  PRIOR  TO  1500.* 


Aristotle 

Science  (General) 
Cosmology 
[Occult  Sciences] 

Prognostics 

Marvels 

Charms 

Magic 
Alchemy  (Chemistry) 
Mathematics 

Weights  and  Measures 
Music  :   Harmony 
Astrology 

Melothesia 
Astronomy 

Computus 

Calendar 
Menology 
Physics  (Meteorology) 

Optics 
Geography 

Travel 
Encyclopaedias  of  General   Knowledge  (Isidore — 

Bartholomaeus) 
[Natural  Sciences] 

Fermentation  and  Generation 

[Zoology] 
Bestiaries 
Monstrosities 
Animal  Fables 


[Botany] 

Herbals 
[Mineralogy] 

Lapidaries 
Medicine  (General) 
Anatomy 
Physiognomy 

Chiromancy 
Surgery 

Phlebotomy 

Gynecology 

Ophthalmology 
Physiology 

Regimen 

Diet 

Children 
[Diagnosis] 

Haematoscopy  (=  Blood  Inspection) 

Pulse 

Urine 
[Therapeutics] 

Receipts 

Drugs 

Fevers 
Epidemics  (Plague — Infection) 
Hospitals 
Husbandry 

Veterinary 
Arts  and  Crafts 


*  The  above  is  a  formal  rearrangement  of  the  headings  in  Dr.  and  Mrs.  Singer's  Classification  with 
the  above  title.     The  headings  enclos^l  in  square  brackets  have  been  inserted  by  me  for  grouping  purposes. 
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TABULAR  SURVEY  of  the  Divisions  of  Literature  in  the  i6th,  17th  and  i8th 
centuries  in  Architecture  and  allied  arts,  with  entries  of  the  first  separately- 
printed  monograph  in  each  class.  Compiled  from  the  Patent  Office  Library- 
Subject  Lists  and  other  sources. 


Architecture  and  Building  Construction — 

1 6th  Cent. 
Bibliography 
Biography 
Miscellany 
Dictionaries 

General  treatises  . .  . .   Vitruvius. 

Historical,  etc.    . . 
[Styles]— 

Classic  .. 
The  Orders 1^6^.  Barozxi. 

Gothic 

Renaissance 

Modern 

Oriental — Chinese 
Architectural  Drawing  . .         . .  1583.  Barozzi. 

„  Designs 

Vaulting 
Roofs  and  Roofing 


17th  Cent. 
1687.  Felibien. 
1694.  J  viler. 


1670.  Marot. 


1647.  Bella. 
1643.  Derand. 


1 8th  Cent. 
1726.  HistOTische,etc.,Angabe 

1734.  Morris. 


1739.  Gtoynn. 

1794.  Rudiments  of  Ancient  A, 

1742.  Langley. 

[171 5-] 1 73 1.  Campbell. 
1750-52.  Halfpenny. 

1736.  Angabe,  etc. 


Building  Construction — 

General  treatises 

Specifications  . . 
Price  Books . . 
Carpentry — 

Dictionaries  and  Price  Lists 

General  treatises 
Carpentry,  Circular 
Masonry  . . 
Brickwork 

Fireproof  Construction . 
Plumbing . . 

Water-closets  . . 
Glazing    . . 


1596.  Harington. 


1623.  Le  Muet. 


1627.  Jousse. 


1720  ?  Salmon. 
1748.  Langley. 

1776.  Clavering. 

1729.  Blanc  hard. 
1754-69.  Frezier. 
1700.  Moxon. 
1736.  Sorgsame  Aufgabe. 
1773.  La  Garde  tie. 


1 61 5.  Ged. 


Heating  and  Ventilating — 

Stoves  and  Grates 

Chimneys 
Ventilation 


1777.  Walker  {A). 

1730  ?  Schuebler. 
1 71 3.  Ganger. 
1743.  Hales. 


N.B. — Local  Architecture,  i.e.  works  descriptive  of  single  buildings,  etc.,  is  not  included. 
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Architecture  and  Building  Gonstructioii— ron/. 

Building  Materials—  i6th  Cent.  17th  Cent.  i8th  Cent. 


Bricks  and  Tiles . . 
Terra  Cotta 
Building  Cements 
Plastering :  Stucco 
Hydraulic  Cement 
Artificial  Stone  . . 
House  Painting    . . 

[Buildings] — 

Amphitheatres    . . 

Domestic  Architecture- 
Designs 
Classical 
Cottages 

Prisons 

Buildings,  Transporting 

Scaffolding 


1676.  Smith  (John). 


1763.  Du  Monfr 
1770.  Pincot. 
1780.  Higgins. 
1778.  Liardet. 
1775,  Loriot. 
1730.  Holt. 


'au. 


1584.  Lipsius. 


1623.  Le  Muet. 


1728.  Castell. 

1796.  Board  of  Agriculture. 

1 791.  Bentham. 

1766.  Beschreibungy  etc, 

1743.  Zabaglia. 


Ceramics — 

Pottery 
Porcelain 


Glass  and  Glassmaking 
Glass :   Chemistry,  etc. 

Ruby  Glass 
Glass  Painting    . . 


Mosaic 
Enamelling 


Gold-  and  Silversmiths'  Work — 

Exhibitions 

General  treatises  . .         . .  1568.  Cellini, 

Assaying  , .         . .         . .         . .  1 572.  Ar-pbe. 

Assay  Tables 
Armlets  and  Earrings 

Ironwork,  Ornamental 

Cabinet-Making — 

Price  Lists 
General  treatises 

Furniture — 

Designs    . . 
Drawing  . . 


1612.  Neri. 

1671  (i)  Rossetti ; 

(2)  Montanari. 
1684.  Orschall. 


1773.  Du  Mongeau, 
I'jyi.  Milly. 


1 65 1.  Reynolds. 
1676.  Bartbolinus. 

1627.  Jousse. 


1774.  Le  Vieil. 
1752.  Furietti. 
1 72 1.  F errand. 

1773.  Museum,  Spring  Gardens. 


1793.  London  Society. 
1769.  Roubo. 


1793-4.  Sberaton. 
[1754].  Chippendale. 
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TABULAR  SURVEY  of  the  Divisions  of  Literature  in  the  i6th,  17th  and 
1 8th  centuries  in  the  Textile  Industries,  with  entries  of  the  first  separately- 
printed  monograph  in  each  class.  Compiled  from  the  Patent  Office  Library 
Subject  Lists  and  other  sources. 


Textiles- 
Costume  . . 
Tailoring 
Dressmaking 
Underwear 


Millinery  (moralized)    .. 
„        manufacture 

Wearing  Apparel :    Hygiene 

Embroidery :   Pattern  Books 

Lacemaking :   Pattern  Books 

Knitting :    Knitted  Fabrics 

Boots  and  Shoes — 
History 
Manufacture   . . 

Hats  and  Hat-making — 
History . . 
Manufacture    . . 

Textile  Fibres    . . 
Ropes  and  Cords 

Spinning :   Calculations 

Weaving  (moralized) 
Calculations    . . 
Yarn  Counts  . . 

Weaving :    Gauze 

Woollen  Manufacture — 
Didactic  Poetry 
History . . 
General  treatises 

Flax,  Hemp  and  Jute  . . 

Flax 

Hemp  . . 


i6tli  Cent. 

1568.  Scho-pperus. 

1589.  Alcega. 


1584.  Dominique 
de  Sara 


17th  Cent. 


1635.  Scott. 


1 50 1.  La  Fleurdes 
Patrons. 

1525.  Haussmann. 


1667.  Baudouin. 


1655.  Reynaud. 


1675.  Collinges. 


1 8  th  Cent. 


1789.  Instructions 


1 771.  Garsault. 

1772.  Le  Roy. 


1779.  March. 


1767.  Garsault. 


1765.  Nollet. 

1 78 1.  Stoixner. 

1747.  Du  Monfeau. 

1798.  Jones. 


1 71 2.  Beaumont. 
1786.  Stop  ford. 

1790.  Renouard. 


1757.  Dyer,  The  Fleece. 

1747.  Smith. 

1765.  Du  Mongeau. 

1724.  Society  of  Improvers. 

1732.  Royal  Dublin  Society. 

1757.  Marcandier. 
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Textiles — cont. 

Silk  Manufacture — 
History . . 
General  treatises 
Price  Lists 
Culture 

Reeling . . 


Dyeing — 

History 

General  treatises 
Cotton  :  Dyeing 
Wool :   Dyeing 

Dyes :    Natural  . . 
Woad  .. 
Indigo  . . 
Madder 
Purple  . . 


Bleaching  . . 

Printing  Fabrics 
Washing  Machines 


16th  Cent. 


1 58 1.  Corcucci  da 
Sascorbaro. 


1548.  Rosetti. 


1557.  Crolacbius 


17th  Cent.  i8th  Cent. 

—  1 71 8.  A -pie  tree. 

—  1773.  Paulet. 

—  1769.  List  of  Prices. 


1778.  Amaidd  du  Bouisson. 

1725.  Roegner. 

1705.  Whole  Art. 

1776.  Le  Pileur  d^Apligny. 

1708.  Haak. 

1704.  Tallieri. 

1770.  Beauvais-Raseau. 
1757.  Du  Mongeau. 
1786.  Rosa. 

1756.  Home. 

1780.  Roland  de  la  Platiere, 

1766-8.  Schaeffer. 


N.B. — The  economic  literature  of  the  Textile  Industries  has  not  been  included  in  the  above  List. 
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LECTURE  2 

Est  modus  in  rebus,  sunt  certi  denique  fines. 

Horace. 

As  in  the  case  of  my  preceding  lecture  I  must  begin  with  a 
mosaic  of  quotation.  "  Of  the  features  which  characterize  the 
progressive  economical  movement  of  civilized  nations,"  says  Mill, 
"  that  which  first  excites  attention  through  its  intimate  connection 
with  the  phenomena  of  production  is  the  perpetual,  and  so  far  as 
human  foresight  can  extend,  the  unlimited  growth  of  man's  power 
over  nature.  Our  knowledge  of  the  properties  and  laws  of  physical 
objects  shows  no  sign  of  approaching  its  ultimate  boundaries.  It 
is  advancing  more  rapidly  and  in  a  greater  number  of  directions 
at  once  than  in  any  previous  age  or  generation  and  affording  such 
frequent  glimpses  of  unexplored  fields  beyond  as  to  justify  the 
belief  that  our  acquaintance  with  nature  is  still  almost  in  its  infancy." 
Mill's  forecast  has  been  justified  by  events. 

Half  a  century  later,  however,  we  find  that  this  view  of  the 
continuity  of  material  progress  is  no  longer  maintained  with  the 
same  degree  of  confidence.  Prof.  R.  A.  Lehfeldt,*  in  the 
Journal  of  the  Statistical  Society  for  May,  1916,  says :  **  One  has  to 
ask  sometimes  whether  material  progress  is  the  normal  condition 
of  mankind,  or  even  whether  it  is  going  to  be  so  in  the  future. 
Certain  movements,  it  is  clear,  cannot  go  on  for  ever  :  one  of  these, 
the  increase  in  the  number  of  the  human  race,  which  must  eventually 
be  limited  by  the  area  available  for  them  to  live  on.  The  more 
one  looks  into  the  statistical  evidence  of  progress  the  more  it  appears 
probable  that  this  is  a  t)rpical  instance  and  that  a  stationary 

♦  Prof.  Lehfeldt's  views  find  some  support  in  Prof.  Grif&th  Taylor's  paper, 
"On  the  Future  Distribution  of  the  White  Population,"  and  Raymond  Pearl's, 
*'  The  Population  Question  "  in  The  Geographical  Review,  1922,  July,  pp.  375-402, 
and  October,  pp.  636-45,  though  Mr.  Walter  F.  Willcox  dissents  from  the  former 
writer's  conclusions  {Ibid.  pp.  646-7). 
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condition  should  be  regarded  as  the  normal  one.  If  that  is  so, 
progress  must  consist  in  a  transition  from  one  stationary  state 
to  another,  and  this  transition  may  be  expected  to  show  some 
uniform  characteristics.  It  must  be  produced  by  the  uprising  of 
a  group  of  social  forces  modifying  a  condition  in  which  they  have 
been  long  latent :  time  is  needed  for  the  forces  to  develop  their 
strength  and  spread  their  effects  through  the  community.  There 
is  a  period  of  acceleration  in  the  movement,  then  one  of  steady 
change,  then  a  period  in  which  the  social  forces  lose  their  efficacy 
or  die  away,  leaving  a  new  stationary  condition  of  society." 

The  opposition  between  these  two  authorities  is  one  of  mood 
rather  than  principle,  for  Mill,  notwithstanding  his  optimistic 
attitude,  asserts  rather  than  denies  the  existence  of  **  ultimate 
boundaries  "  to  knowledge,  whereas  Prof.  Lehfeldt,  a  driver  with 
more  recent  experience  of  the  road,  is  applying  the  brakes  in  view 
of  certain  indications  of  approach  to  congested  districts.  This 
change  of  outlook  is  one  which  no  student  of  history  can  afford  to 
disregard.  For  Time  is  an  impressionist  artist — casting  the  men- 
tality of  each  successive  generation  of  man  into  a  common  mould,  the 
form  of  which  is  determined  by  contemporary  forces.  The  Zeitgeist 
can  be  resolved  into  its  component  parts  by  the  statistical  method  ; 
but  this  method  has  not  yet  been  applied  to  th,e  data  of  scientific 
bibliography — partly  because  science  is  most  inadequately  repre- 
sented in  British  libraries,  but  mainly,  I  think,  because  it  has 
hitherto  been  content  to  leave  the  history  of  progress  to  philosophers 
and  historians.  The  question  of  its  own  natural  boundaries  it  has 
not  seriously  considered.  On  the  few  occasions  when  I  have 
approached  scientific  men  with  the  suggestion  that  statistical 
treatment  must  show  the  existence  of  phases  of  activity  and  retar- 
dation in  each  science  and  might  even  indicate  approximately 
the  period  when  its  ultimate  boundaries  would  be  reached,  I  have 
in  each  case  been  met — firstly  with  a  look  of  surprise ;  secondly 
with  an  admission  that  the  view  was  an  interesting  one  ;  and, 
thirdly  with  a  rough  indication  of  the  period  in  which  the  maximum 
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output  of  the  science  with  which  the  individual  was  associated 
might  be  expected.  I  make  no  apology  therefore  for  attempting 
to  deal  with  this  question  with  the  hmited  means  at  my  disposal. 
Statistics  suited  to  my  purpose  are  practically  non-existent — 
though  I  am  able  to  show  you  one  sample  of  pioneer  work  which 
fulfils  all  my  requirements.  These  are  that  (i)  the  statistics  must 
be  international  in  scope  and  sufficiently  extended  for  the  purpose 
in  view  ;  (2)  original  work  must  be  distinguished  from  educational 
literature  ;  (3)  the  statistician  must  possess  a  competent  knowledge 
of  his  subject  matter. 

These  three  qualifications  are  to  be  found  in  the  "  Statistical 
Analysis  of  the  Literature  of  Comparative  Anatomy,"  by  Prof. 
F.  J.  Cole  and  Miss  Nelly  B.  Eales,  the  Museum  Curator  of  the 
University,  Reading — an  article  which  appears  in  the  April  number 
of  Science  Progress  for  1917.  By  the  permission  of  its  editor  and 
Mr.  Murray,  I  am  enabled  to  show  you  one  of  a  series  of  charts  in 
which  the  literature  of  comparative  anatomy  is  analysed  from  the 
year  1550  to  i860  (Chart  4).  The  subsequent  charts  in  the  above 
journal  present  the  same  data  analysed  and  distributed,  (i)  by  coun- 
tries showing  the  quota  which  each  country  has  contributed  at  the 
several  periods,  and  (2)  under  the  main  divisions  of  the  animal 
kingdom,  while  the  final  chart  plots  the  number  of  Journals  and 
Society  publications  from  which  the  data  have  been  derived. 

At  first,  research  work  in  comparative  anatomy  is  intermittent 
— ^but  from  1 650-1 700  a  period  of  increased  activity  is  shown — 
reaching  its  maximum  output  about  1683.  The  first  half  of  the 
eighteenth  century  is  quiet  and  uneventful ;  the  second  half  is 
again  a  period  of  revival — between  1815  and  1835  the  tide  is 
flowing  strongly — flood  tide  being  reached  in  the  latter  year.  Here 
we  will  allow  the  authors  to  speak  for  themselves.  **  The  steep 
decline,"  they  say,  "  after  1835  can  only  be  explained  as  an  admirable 
example  of  that  rhythm  which  underlies  all  the  activities  of  the 
living  world.  This  primitive  abhorrence  of  the  fixed  level,  which 
finds  its  expression  in  advance  or  retreat,  but  never  in  stabihty, 
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is  just  as  characteristic  of  the  work  of  a  community  as  of  the  internal 
economy  of  an  individual.  .  .  .  Our  records  do  not  extend  beyond 
the  year  i860,  but  we  believe  that  bottom  was  reached  soon  after 
that  time  and  was  followed  by  another  rise.  That  in  its  turn  gave 
place  to  the  current  depression  of  which  all  students  of  the  hterature 
of  comparative  anatomy  have  been  conscious  for  several  years." 
Here  at  any  rate  we  have  a  statistical  history  of  the  literature  of 
Comparative  Anatomy  from  its  birth  to  the  year  i860 — a  history 
which  can  be  accepted  without  question. 

I  have  submitted  this  essay  to  you  as  a  sample  of  workmanship, 
which  I  trust  may  serve  as  a  model  in  future  enterprise.  Further, 
the  extraordinary  oscillations  which  the  chart  reveals  afford  some 
idea  of  the  nature  of  the  movements  you  may  expect  to  find  in 
other  branches  of  science  when  treated  by  the  same  method. 

Comparative  anatomy,  however,  is  but  a  small  section  of  a 
science,  the  total  literary  output  of  which  has  never  been  extensive, 
while  its  effect  upon  the  mechanics  of  modem  civilization  is 
practically  neghgible.  What  is  wanted  for  our  immediate  purpose 
is  a  broad  survey  of  the  entire  field  of  Science  with  an  analysis — not 
necessarily  of  the  same  degree  of  minuteness  as  in  the  above  paper — 
but  sufficient  to  show  the  relative  growth  of  the  principal  subclasses 
in  each  section  :  but  so  far  as  I  am  aware,  no  such  attempt  has  yet 
been  made.  Sir  Edward  Thorpe  in  an  article  on  the  Progress  of  Chem- 
istry, contributed  to  the  Jubilee  Number  of  Nature,  appears  to  be 
writing  from  some  statistical  evidence  ;  for  in  referring  to  the  various 
phases  of  activity  in  Chemical  Science  from  the  beginning  of  the 
nineteenth  century,  he  states  that  in  1831  the  output  of  chemical 
papers  was  not  much  more  than  half  of  what  it  was  in  1802,  Here 
then  we  have  the  same  phenomenon  of  interrupted  development 
— and  of  what  I  may  call  a  catalytic  or  relay  system  of  reinforce- 
ment— for  the  great  development  in  organic  chemistry  from  1840 
was  due  to  the  influence  of  agricultural  chemistry,  associated  with 
the  name  of  Liebig. 

It  would  be  reasonable  to  assume  on  a  priori  grounds  that  in- 
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creased  activity  in  the  literary  output  of  a  science  can  invariably  be 
associated  with  pre-existent  causes.  Science  halts  when  opposed 
by  obstacles  which  temporarily  it  cannot  surmount — but  new 
methods  borrowed  from  other  sciences  may  serve  in  the  removal 
of  these  obstacles  and  enable  a  resumption  of  the  forward  move- 
ment to  be  made.  Bibliographical  statistics,  employed  with 
the  requisite  qualifications  fp.  31),  are  without  question  able  to 
reveal  the  shape  and  period  of  such  movements.  The  International 
Catalogue  of  Scientific  Literature  complies  sufficiently  with  the 
two  requirements  of  scope  and  standard  of  its  entries,  but  is 
somewhat  inadequate  as  regards  its  extent,  for  it  covers  a  period 
of  13  years  only,  i.e.  from  1901-13.*  It  was  my  original  intention 
to  supplement  the  summary  of  the  annual  totals  of  the  seventeen 
sections  of  this  publication  with  an  elementary  analysis  of  certain 
of  the  Sectional  Issues — but  the  count  undertaken  on  my  behalf 
took  longer  than  I  anticipated  and  I  have  been  obhged  to  abandon 
this  part  of  my  enterprise. 

It  is  of  course  quite  obvious  that  a  survey  which  is  restricted 
to  the  total  output  of  a  science  in  successive  years  must  cloak  many 
important  internal  movements  in  its  subclasses,  and  consequently 
fail  to  illustrate  many  of  the  interrelations  between  these  subclasses 
and  those  of  other  sciences.  For  instance,  the  totals  for  the  output 
of  Chemistry  can  give  you  no  hint  of  the  relative  progress  of  organic 
and  inorganic  chemistry,  of  the  developments  in  chemical  physics 
and  the  rise  of  biological  and  colloid  chemistry.  We  thus  lose  the 
indications  which  are  necessary  to  account  for  the  phenomenal 
growth  of  Bacteriology  and  Physiology  in  recent  times.  On  the 
other  hand,  these  annual  totals  have  proved  to  be  of  greater  value 
than  I  anticipated. 

Table  i  (following  p.  44)  gives  the  totals  of  author  entries  in  the 

*  I  have  left  out  of  consideration  the  recently  pubhshed  volumes  completing 
the  Sectional  Issues  for  1914  and  part  of  1915.  Presumably  they  were  not  com- 
piled upon  a  "  regional  basis,"  and  on  this  account  could  not  be  used  for  comparison 
with  the  preceding  Issues. 

E 


34  Statistical  Bibliography  in  Relation  to 

seventeen  sections  of  The  International  Catalogue  from  the  first  to  the 
thirteenth  Issue,  covering  the  period  1901-13.  Anonymous  entries 
have  not  been  included  ;  but  as  the  proportion  of  these  entries 
is  fairly  uniform,  viz.  about  two  per  cent,  for  all  sections — except 
Meteorology  and  Mineralogy,  in  which  it  is  about  four  per  cent. — 
I  have  allowed  the  figures  of  the  author  entries  to  stand.  Dr. 
Forster  Morley,  the  courteous  Editor  of  The  International  Catalogue, 
informs  me  that  the  Issues  for  1905-6  contain  a  number  of  entries 
from  certain  periodicals  which  were  not  received  in  time  for  inclusion 
in  the  earlier  Issues,  and  further,  that  from  1905  onwards  a  number 
of  German  technological  articles  were  excluded,  as  not  con- 
taining matter  of  scientific  interest.  With  these  reservations 
the  scope  and  standard  of  The  International  Catalogue  appears  to 
have  remained  unaltered.  Finally,  the  Annual  Issues  do  not  coincide 
with  the  calendar  years.  They  represent  contributions  received 
within  successive  periods  of  twelve  months.  Thus  the  statistics 
with  which  I  am  about  to  deal  must  not  be  regarded  as  final.  Their 
revision,  however,  was  not  practicable  within  the  time  limit  given 
for  these  lectures.  Moreover,  this  revision  would  have  been  very 
costly.  It  is  doubtful,  however,  whether  a  recount  based  upon 
the  year  of  publication  would  materially  affect  the  results  except 
for  the  years  1905-6,  the  figures  for  which  are  certainly  higher  than 
they  should  be. 

The  order  of  the  sciences  in  Table  i  is  that  assigned  to  them 
by  the  International  Council ;  but  as  the  order  of  output  is  not 
without  interest  I  have  appended  to  this  Table  the  grand  totals 
of  the  thirteen  Annual  Issues. 

Of  these  totals  the  first  group  consists  of  the  three  sciences. 
Physiology,  Zoology,  and  Chemistry.  Here  Zoology  and  Chemistry 
have  changed  places  since  1901.  Then  we  have  a  second  triad 
group — Botany,  Bacteriology  and  Physics  in  which  Bacteriology  and 
Physics  have  similarly  changed  places.  Bacteriology  is  one  of  the 
younger  sciences :  in  1901  it  only  accounts  for  2,206  entries  ;  the 
figures  rise  to  9,178  in  1906  and  to  11,762  in  1910,  after  which  there  is 
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a  rapid  decline.  In  the  "  also  ran  "  class,  showing  totals  from 
43,000  to  10,000  entries  in  the  thirteen  year  period,  there  is  not 
much  that  is  noticeable — except  the  fairly-continuous  progress  of 
anthropology,  which  does  not  show  the  oscillations  common  to 
the  other  sections.  Geology  and  Geography  occupy  the  8th  and  gth 
places,  Anatomy  the  loth.  Mathematics  and  Astronomy  the  nth  and 
I2th.  Mineralogy  ousts  Meteorology  from  the  13th  place — which  is 
rather  remarkable.  The  records  from  1914  would  probably  show 
a  substantial  elevation  of  the  rank  of  the  latter  science,  as  marked 
progress  has  been  made  of  recent  years  in  our  knowledge  of  the 
physics  of  the  upper  atmosphere  and  the  laws  of  weather  prediction. 
Finally,  Palaeontology  throughout  the  period  gets  the  consolation 
prize.  Of  the  seventeen  sciences,  five  sciences — with  a  relatively  low 
output — end  in  1913  with  a  smaller  annual  total  than  that  with  which 
they  started  in  1901.  These  are  Mechanics,  Astronomy,  Meteorology, 
Palaeontology,  and  Biology.  All  the  others  register  advances.  Table  2 
summarizes  the  position  in  1901,  1913,  as  well  as  for  the  whole 
period  1901-13. 

Upon  closer  examination  the  figures  in  Table  i  yield  some  rather 
remarkable  results  ;  for  if  you  compare  the  totals  for  1901  and 
1 910  you  will  see  that  the  output  of  original  matter  in  science 
has  practically  doubled  itself  within  this  period.  Secondly,  if  you 
examine  the  figures  for  the  years  of  advances,  viz.  1902,  1905  and 
1910,  you  will  find  that  this  advance  is  general — suggesting  that 
some  external  influence  has  been  at  work  masking  the  normal 
growth  of  the  sciences.  Thirdly,  there  is  the  altogether  unexpected 
result  of  a  general  decline  in  the  output  for  the  years  1911-13. 
These  features  appeared  to  me  to  require  further  investigation. 
Accordingly  I  first  had  a  count  made  of  the  number  of  periodicals 
referred  to  annually  in  the  Sectional  Issues,  the  results  of  which  will  be 
found  in  Table  3.  The  figures  show,  as  might  be  expected,  that  a 
larger  number  of  periodicals  were  drawn  upon  in  years  of  expansion 
than  in  years  of  contraction,  but,  as  explained  in  the  footnote  to  the 
above  Table,  the  totals  shown  must  not  be  confused  with  the  coUec- 
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tive  totals  of  periodicals  laid  under  contribution  in  the  Annual  Issues, 
as  the  same  periodical  may  reappear  in  each  of  the  Issues.  This 
information  can  be  obtained  with  approximate  accuracy  from 
The  List  of  Journals  published  by  the  International  Council  in 
1903  with  a  Supplement  in  1904.  After  the  latter  date  the  infor- 
mation was  kept  on  cards,  to  which  Dr.  Morley  has  kindly  given  me 
access.  I  can  now,  therefore,  to  some  extent  correlate  the  total 
annual  output  of  The  International  Catalogue  with  its  sources  (Table  4) . 

The  figures  now  become  more  intelligible.  The  irregular 
movements  in  Table  i  are  shown  to  be  due  to  the  unpunctuality  of 
the  Austrian,  Spanish  and  some  other  minor  contingents.  If  the  con- 
tributions from  these  countries  were  properly  distributed  we  should 
probably  see  a  fairly  continuous  advance  in  the  totals  of  the  Annual 
Issues  for  1 901-10  accompanied  by  a  corresponding  growth  in  the 
publication  of  new  scientific  serials.  On  the  latter  point  I  can  produce 
some  corroborative  evidence.  Mr.  A.  A.  Gomme,  my  successor  in 
the  Patent  Office  Library,  has  kindly  sent  me  the  figures  of  the  total 
number  of  Serials  obtained  by  purchase  and  gift  for  the  period 
1901-13.  The  numbers  increased  from  1,182  in  1901  to  2,021  in 
1913.  The  growth  is  continuous  but  irregular^ — 1902,  1904,  1910 
and  191 1  are  years  of  most  rapid  expansion. 

The  falling  off  in  the  number  of  scientific  periodicals  utilized 
in  the  Issues  for  1911-13  (Table  4)  may  be  due,  in  part,  to  the  increased 
stringency  in  the  exclusion  of  articles  of  purely  technological  import- 
ance, to  which  Dr.  Morley  refers  (p.  34).  The  data,  however,  are 
insufficient  to  warrant  any  final  conclusion.  I  shall  content  myself 
with  the  suggestion  that  the  subject  of  the  Economics  of  Research 
is  one  which  lends  itself  to  statistical  treatment,  and  that  investigation 
is  needed  in  view  of  the  altered  relations  of  the  State  to  experimental 
work. 

With  the  causes  underlying  the  diminished  output  of  1911-13 
I  shall  deal  presently.  For  the  moment  I  will  ask  you  to  glance 
at  the  numbers  of  periodicals  indexed  in  The  International  Catalogue 
arranged  first,  by  periods,  in  the  alphabetical  order  of  countries  (Table 
4),  and  secondly,  for  the  entire  period,  in  the  numerical  order  of  their 
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output  (Table  5).  As  might  be  expected  the  Teuton  heads  the  List 
with  an  enormous  majority,  but  it  is  somewhat  surprising  to  find  the 
number  of  German  and  Austrian  periodicals  nearly  equal  to  those 
of  France,  Russia,  the  United  States  and  the  United  Kingdom 
combined.  The  position  of  France  and  Russia  in  Table  5  in  relation 
to  that  occupied  by  the  Anglo- American  countries  is  also  remarkable. 
The  figures  are  not  flattering  to  Anglo-Saxon  vanity,  but  they  need 
not  be  taken  too  seriously.  The  number  of  scientific  periodicals 
current  in  a  country,  unsupported  by  other  evidence,  affords  little 
criterion  of  its  scientific  status.  If  the  relative  bulk  of  the  output  of 
the  countries  contributing  to  The  International  Catalogue  were  gauged 
or  its  intrinsic  merit  estimated,  it  is  fairly  certain  that  the  order  of 
precedence  as  shown  in  Table  5  would  have  to  be  revised  in  our  favour. 
The  most  perplexing  feature,  however,  in  the  statistics  of 
The  International  Catalogue  is  the  decline  in  the  output  for  191 1- 
1913.  It  will  be  seen  that  the  principal  falling  off  is  in  the  figures 
of  Physiology  and  Bacteriology.  Their  totals  for  the  year  1913 
are  11,797  below  that  of  the  "  bumper  "  year  1910.  The  total 
deficit  for  the  year  1913,  however,  is  22,720,  and  as  Table  i 
shows,  the  deficit  balance  is  distributed  fairly  evenly  over  the 
remaining  fifteen  sciences.  The  full  significance  of  this  decline, 
however,  is  realized  only  when  compared  with  the  statistics  of 
English  patents,  and  population  for  the  same  period  (Chart  2) ,  where 
it  wiU  be  seen  that  the  decline  in  the  output  of  scientific  papers 
coincides  with  a  flattening  of  the  curves  of  population  in  England 
and  Wales,  and  in  Great  Britain  as  a  whole.  This  retardation  in  the 
growth  of  population  is  known  to  be  general  in  Western  Europe. 
Further,  these  declines  are  associated  with  an  irregularity  in  the 
movements  of  patent  statistics  throughout  the  leading  industrial 
countries  of  the  civilized  world.  For  instance,  the  peak  of  the  patents 
curve  for  Great  Britain  (Chart  2)  and  for  the  United  States  (Chart  3) 
will  be  seen  to  have  been  reached  about  the  years  1910-11,  if  proper 
allowance  is  made  for  the  varying  effect  of  the  late  war  upon  the 
patent  systems  of  the  two  countries.    Thus,   while  in  Western 
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Europe  the  flattening  of  the  population  curve  is  offset  by  the  upward 
trend  in  the  growth  of  the  population  of  the  United  States  (Chart  3), 
the  patent  statistics  of  both  continents  appear  to  be  approaching 
an  equilibrium.*  We  have  now  to  consider  whether  these  move- 
ments in  the  associated  factors  of  the  output  of  science,  invention 
and  population  are  due  to  causes  of  a  permanent  or  transitory 
nature. 

To  furnish  an  adequate  explanation  of  the  above  data  without 
reference  to  the  political  and  economic  movements  before  and  after 
the  year  1900  is,  I  believe,  impracticable  :  but  as  this  would  take 
me  too  far  afield  I  must  refer  you  for  a  brief  summary  of  the  position 
to  The  Annual  Register  for  1912,  where  a  contrast  is  drawn  between 
the  period  of  low  prices,  inactive  trade  and  diminishing  returns  on 
invested  capital  which  obtained  between  1880  and  1900  and  the 
gradual  reversal  of  all  these  conditions  which  set  in  with  the  be- 
ginning of  the  twentieth  century.  The  expansion  in  the  scientific 
output  for  1901-1910  must  be  examined  in  the  light  of  the  general 
expansion  of  credit  and  trade — in  which  science  appears  to  have 
participated — partly  as  a  result  of  an  increased  demand  for  its  ser- 
vices, but  principally,  I  imagine,  as  the  result  of  private  and  State 
endowment.  In  the  like  manner  the  decline  in  the  statistics  of  science 
for  1911-13  may  be  accounted  for  by  reference  to  economic  causes 
(cf .  Annual  Register,  1910-11,  Finance  and  Trade  Supplements) . 

I  offer  this  solution  with  considerable  diffidence  :  yet  it  is  in 
keeping  with  the  conclusions  arrived  at  in  my  previous  lecture, 
where,  you  will  remember,  the  advent  of  the  Industrial  Revolution 
was  preceded  by  a  shifting  of  capital  from  commerce  to  the  home 
industries.  We  now  have  an  example  of  the  reversal  of  this  process. 
An  outward  flow  of  capital  coupled  with  the  steady  encroachment 
of  taxation  on  the  national  income  leads  temporarily  to  a  diminished 
output  in  science  and  invention  and  to  a  decline  in  the  rate  of 
growth  of  population. 

I  do  not,  of  course,  suggest  that  the  statistician  of  science 
*  Subject,  of  course,  to  temporary  disturbance,  due  to  changes  in  legislation. 
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should  commence  his  studies  by  reading  poHtical  speeches  or  by 
following  the  movements  of  the  rubber  market.  His  proper  course 
is  to  analyse  the  statistics  of  science  and  tabulate  the  results  in 
such  a  way  as  to  indicate  at  what  points  in  the  line  the  pressure 
of  scientific  investigation  is  being  applied  or  relaxed.  When, 
however,  he  comes  to  explain  the  causes  governing  the  trend  of 
scientific  investigation,  he  will,  I  suggest,  be  led  to  admit  that 
the  course  of  science  is  profoundly  influenced  by  agencies  external 
to  it,  and  that  the  initiative,  as  was  found  in  my  former  lecture, 
proceeds  from  departments  of  human  activity  which  are  not  at 
present  recognized  at  Burlington  House.  The  internal  com- 
bustion engine,  for  instance,  has  within  recent  years  made  the 
navigation  of  the  air  practicable,  thereby  revolutionizing  the  art 
of  war  and  materially  advancing  the  study  of  meteorology.  It 
has  supplied  the  physicist  with  a  series  of  problems  in  the  laws 
governing  vapour  pressures,  the  flow  of  gases  through  orifices, 
and  the  combustion  of  gaseous  mixtures.  While,  therefore,  a  great 
deal  of  valuable  information  woiild  be  obtained  by  an  analysis  of 
the  totals  of  the  Sectional  Issues  of  The  International  Catalogue, 
the  results  obtained  from  this  analysis  would  still  be  inconclusive 
until  the  returns  from  other  departments  of  knowledge  had  been 
received.  The  decline  in  the  output  of  the  sciences  included  in 
the  survey  of  The  International  Catalogue  was  possibly  offset  by 
increased  activity  in  the  sciences  of  Economics,  History,  Psychology, 
Administration  and  Technology.  As  the  period  covered  by  The  Inter- 
national Catalogue  terminates  with  the  year  1913  ''cf.  note  on  p.  33), 
I  am  unable  to  say  whether  this  decline  was  continuous  after  that 
year  or  was  followed  by  a  general  or  partial  recovery.  This  fact, 
however,  could  be  determined  by  an  independent  analysis  of  the 
leading  digests  in  Chemistry,  Physics  and  other  sciences. 

The  general  decline,  however,  in  the  rate  of  growth  of  popula- 
tion in  Western  Europe  and  the  irregularity  in  movements  of  the 
patent  statistics  point  to  the  operation  of  more  deeply  seated  causes. 
Hence  I  propose  to  conclude  these  lectures  with  the  following  inquiry 
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— Are  we  justified  in  looking  for  a  continuation  or  renewal  of  that 
upward  trend  in  industrial  efficiency  and  the  associated  factors 
which  have  marked  the  progress  of  the  Industrial  Revolution  since 
1765  ?  Here  I  can  no  longer  rely  solely  upon  bibliographical 
statistics — for  these  have  been  hopelessly  confused  by  the  events 
of  1914-18.  My  remarks  will  be  confined  to  two  main  heads,  viz. 
(i)  the  relation  of  recent  research  to  industry  and  (2)  the  character- 
istics of  recent  industrial  progress. 

I  will  begin  by  briefly  recapitulating  the  most  notable  dis- 
coveries in  the  physical  sciences  during  the  last  twenty-five  years, 
for  it  is  from  this  source  that  the  principal  advances  in  the  field  of 
engineering  have  hitherto  been  derived. 

If  you  compare  a  volume  of  the  PMlosopMcal  Magazine  for 
1820  with  that  of  a  century  later,  you  will  find  that  both  the  defini- 
tion of  Natural  Philosophy  and  its  method  of  procedure  have  under- 
gone a  radical  alteration.  The  experimental  method,  it  is  true, 
remains — but  the  scope  of  the  field  has  been  narrowed  to  an  investi- 
gation of  the  forces  of  nature  and  the  constitution  of  matter,  while 
a  new  element  of  mathematical  analysis  has  been  called  in  to  inter- 
pret the  results  and  to  direct  the  methods  of  the  experimenter. 
Mathematical  analysis  was  early  and  successfully  applied  to  the 
phenomena  of  electricity — but  it  has  since  established  itself  in  nearly 
every  branch  of  science.  Its  history  from  the  year  1895,  when 
Roentgen  discovered  the  X-rays,  has  been  one  of  continuous  and 
triumphant  progress — progress  so  rapid  and  revolutionary  that  it 
is  probable  that  the  period  from  1895  to  date  will  be  regarded  as 
the  most  brilliant  in  the  annals  of  scientific  discovery.  The  dis- 
covery of  the  Roentgen  rays  in  1895  was  immediately  followed  by 
that  of  the  radioactivity  of  uranium  by  Becquerel  and  the  isolation 
of  radium  by  the  Curies — and  from  these  new  data  an  entirely 
new  conception  of  the  world  of  force  and  matter  has  been  evolved. 
"  The  stupid  earth  on  which  we  stand  "  is  not  the  inert  mass  which 
the  poet  painted.  Matter  is  electrical  in  origin,  consisting  of  a 
solid  electropositive  core  surrounded  by  varying  clusters  of  electro- 
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negative  charges  or  electrons.  The  transmutation  of  the  elements 
is  not  only  theoretically  possible,  but  in  the  case  of  the  heavier 
radioactive  elements  has  been  continuously  practised  in  nature's 
laboratory  from  the  earliest  times.  The  number  of  the  elements 
has  been  fixed  at  ninety- two,  of  which  five  remain  to  be  identified.* 
Atomic  numbers  have  displaced  atomic  weights — ^the  atomic  number 
determining  the  place  of  the  element  in  the  periodic  system  and 
fixing  the  charge  carried  by  the  positive  core.  The  mass  and  weight 
of  the  electron  have  been  determined.  It  is  the  unit  of  matter 
and  of  electricity — electrons  in  motion  give  rise  to  electricity  and 
in  vibration  to  light.  Light  having  a  matericd  basis  obeys  the 
laws  of  gravitation.  The  transformation  of  radiation  into  other 
forms  of  energy  always  takes  place  by  defined  steps  or  quanta. 
These  great  discoveries  which  we  owe  to  mathematical  analysis, 
we  accept — only  half  comprehending  their  meaning.  They  appear 
to  possess  the  stamp  of  finality  upon  them.  It  seems  difficult  to 
believe  that  the  process  of  the  unification  of  knowledge  can  go 
much  further.  Further,  we  recognize  that  the  direction  of  modem 
physics  is  now  in  the  hands  of  a  relatively  small  body  of  mathe- 
matical philosophers.  If,  however,  we  venture  to  ask  for  an  indus- 
trial balance  sheet,  our  natural  philosophers  admit  that  they  have 
little  to  show  at  present  beyond  certain  prospects  of  an  eventual 
utilization  of  intra-atomic  energy,  or  stiU  more  distant  possibilities 
of  useful  results  from  the  transmutation  of  the  elements.!  There 
is,  therefore,  some  evidence  to  show  that  physical  science  as  it 
approaches  the  boundaries  of  knowledge  tends  to  dissociate  itself 
from  practice  :  thus  causing  a  halt  in  the  progress  of  industrial 
efficiency  which  in  turn  is  reflected  in  a  dechne  in  the  rate  of 
growth  of  population. 

*  Since  reduced  to  four  by  the  discovery  of  the  new  element  "  Hafnium."  Cf. 
Nature,  January  20,  1923. 

t  Fairly  large  industries,  no  doubt,  have  been  founded  upon  the  discoveries  of 
Roentgen,  Coolidge  and  Fleming.  Dr.  Singer's  generalization,  however,  that  science 
is  becoming  increasingly  anthropocentric  in  character,  suggests  that,  in  future,  dimin- 
ishing returns  must  be  expected  from  advances  in  the  physical  sciences. 

F 
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If  we  turn  from  Physics  to  the  Biological  and  Natural  Sciences, 
we  find  that  the  practical  or  economic  side  is  subordinated  to  their 
main  issues.  It  is  not  disputed  that  there  is  an  important  economic 
side  to  the  biological  sciences  in  plant  and  animal  breeding,  the 
control  of  the  diseases  of  animals  and  plants,  in  the  synthesis  of 
industrial  products  from  raw  materials  by  natural  processes — 
but  advances  in  these  directions  are  not  comparable  in  their  indus- 
trial results  with  the  strides  made  by  engineering  in  the  nineteenth 
century.  The  control  of  the  life  processes  may  free  man  from  some 
of  his  physical  disabilities  without  contributing  to  his  industrial 
efficiency. 

Turning  to  the  fields  of  engineering  and  industry,  we  find 
ourselves  in  the  presence  of  conflicting  forces,  between  which  it  is 
hard  to  strike  a  balance.  For  side  by  side  with  great  industrial 
activity  and  some  progress  there  is,  nevertheless,  evidence  firstly, 
that  the  Age  of  Power  is  approaching  its  natural  limits  and  secondly, 
that  a  strong  undercurrent  has  set  in  which  translates  the  higher 
efficiency  of  our  industrial  processes  into  terms  of  higher  costs  of 
production. 

The  movement  towards  standardization  in  engineering,  the 
increased  attention  paid  to  the  human  machine  and  its  laws  of 
fatigue,  and  the  attempts  to  base  the  remuneration  of  the  workman 
upon  a  basis  of  output  suggest  some  slackening  in  the  progress 
of  industrial  efficiency.  It  would  seem  that  the  manufacturer 
is  calling  in  the  sciences  of  Economics  and  Psychology  to  harmonize 
and  consolidate  the  positions  won  by  the  physical  sciences  and 
invention.  This  movement  has  not  halted  at  the  workshop  and 
factory :  it  has  invaded  the  domains  of  agriculture,  education  and 
administration.  This  overflow  of  the  activities  of  the  human 
mind  into  other  channels  is,  I  submit,  confirmatory  evidence  that 
the  upward  phase  of  the  Industrial  Revolution  is  approaching  its 
limit  and  that  it  will  be  succeeded  by  one  in  which  industry  will 
tend  towards  static  conditions. 

With  regard  to  my  second  proposition,  viz.  that  the  real  costs 


THE  Growth  of  Modern  Civilization  43 

of  production,  i.e.  after  adjustments  have  been  made  for  the  decreased 
purchasing  power  of  gold,  have  been  steadily  rising  since  1900,  I 
must  deal  briefly,  for  the  subject  is  in  the  first  place  one  for  the 
mineral  statistician.  Our  industrial  civilization  has  been  built 
up  upon  the  basis  of  an  unlimited  supply  of  the  mineral  resources 
of  nature.  The  supply  is  neither  exhausted  nor  approaching 
exhaustion,  except  perhaps  in  the  case  of  the  mineral  nitrates  and 
petroleum,  but  the  increasing  demands  of  industry  can  now  be  met 
only  at  a  successively  higher  cost.  Thus  the  industrial  future  of 
civilization  must  be  in  the  direction  of  a  gradual  transformation 
of  its  mineral  basis  to  one  founded  upon  the  utilization  of  the  natural 
sources  of  energy  and  the  building  up  of  products  from  elements 
of  which  there  is  practically  an  inexhaustible  supply. 

That  the  mind  of  man  is  moving  in  these  directions  can  be 
seen  from  the  successful  solution  of  the  atmospheric  nitrogen 
problem.  Schemes  for  the  utilization  of  wind  and  tidal  energy, 
which  in  an  age  of  cheap  coal  production  were  regarded  as  visionary, 
are  now  directed  by  State  agencies,  while  the  building-up  of  chemical 
bodies  by  the  gentler  processes  employed  in  Nature's  laboratory 
is  making  satisfactory  headway. 

These  changes  in  the  activities  of  the  human  mind  would  be 
indicated  on  any  bibliographical  chart,  if  bibliography  were  organized 
on  the  basis  of  a  universal  and  uniform  classification  of  recorded 
knowledge  ;  for  if  civiUzation  is  but  the  product  of  the  human 
mind  operating  upon  a  shifting  platform  of  its  environment,  we  may 
claim  for  bibliography  that  it  is  not  only  a  pillar  in  the  structure 
of  the  edifice,  but  that  it  can  function  as  a  measure  of  the  varying 
forces  to  which  this  structure  is  continuously  subjected. 

Every  phase  of  human  thought  and  activity  is  now  promptly 
and,  as  a  rule,  efficiently  registered  by  the  press.  Bibliography 
is  the  science  which  collects,  preserves,  describes  and  classifies 
the  material  thus  recorded.  The  experience  of  bibliographers 
could  be  usefully  directed  to  the  co-ordination  of  work  in  the  abstract- 
ing and  indexing  of  material  which  hitherto  has  been  left  to  the 
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unguided  efforts  of  the  learned  societies.  Book  classification 
teaches  men  to  regard  the  products  of  the  human  mind  not  only 
as  equally  worthy  of  investigation,  but  as  interrelated  and  inter- 
dependent. It  ignores  the  barriers  which  prejudice  and  vested 
interest  have  raised  between  the  various  branches  of  human  know- 
ledge. Changes  in  civilization  can  be  rightly  interpreted  only  if 
bibliographical  material  is  organized  upon  a  basis  which  admits 
of  an  unrestricted  view  of  the  movements  taking  place  throughout 
the  mass.  Upon  an  intelligent  appreciation  of  these  movements 
the  sciences  of  politics  and  administration  rest. 

In  conclusion,  there  is  no  room  in  science  for  an  agnostic  attitude 
towards  civilization.  The  laws  which  regulate  the  progress  of  the 
human  race  fall  within  the  province  of  scientific  investigation. 
If  the  progress  hitherto  realized  has  been  slow  and  uncertain,  it  is 
due  to  the  defects  in  the  apparatus  employed — in  the  remedying  of 
which,  I  submit,  bibliography  can  play  a  humble  but  useful  part. 
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